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[57] ABSTRACT

The method and apparatus are provided for controlling
the gap between the rolls by comparing the initial gap
setting and the actual gap value and providing the quan-
tity of hydraulic fluid for the hydraulic rolling reduc-

tion cylinder in response to the output of the compari-
SOn.

The method consists of setting the value for the gap
between the rolls, measuring the actual gap, comparing
the gap setting value and the actual gap value, control-
ling the quantity of hydraulic fluid to be supplied to the
rolling reduction cylinder in response to any deviation
between the two values, and thereby controiling the
rolling reduction for the cylinder.

The apparatus includes means for setting the value for
the gap between the rolls, means for measuring the
actual gap, means for comparing the gap setting value
and the actual gap value, means for controlling the
flows of hydraulic fluid to be supplied to the hydraulic
rolling reduction cylinder in response to the output of
the comparator means so that one flow can occur in one
direction and the other flow can occur in the opposite
direction, said flow controlling means being connected
in parallel for providing the hydraulic fluid for the
cylinder.

16 Claims, 5 Drawing Sheets
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METHOD OF AN APPARATUS FOR
CONTROLLING HYDRAULIC ROLLING
REDUCTION IN A ROLLING MILL

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to the control of hy-
draulic rolling reduction in a rolling mill, and more
particularly to a method and apparatus that permit the
gap between the rolls to be adjusted in accordance with
the output that may be provided by comparing the
actual value as measured against a specific value that is
set for the gap between the rolls and determining any
difference between the two values.

2. Description of the Prior Art

A hydraulic rolling reduction apparatus for the roli-
ing mill is known. For one apparatus, it is disclosed that
the rolling reduction for the rolls is controlled by using
an elastic body that is interposed between a moving part
in a sensor that detects the positions of the rolls and a
hydraulically-operated cylinder that moves the sensor’s
moving part toward the moving part in the cylinder
(Japan examined patent publication No. 58-23162). For
another apparatus, it is disclosed that the gap between
the rolls is controlled by a flow rate control loop In
which the output gain from the flow rate control system
can be maintained to be constant (Japan examined pa-
tent publication No. 61-13885). In this patent, the flow
rate control loop includes a sensor that detects the flow
rate for the hydraulic fluid, and a rate control circuit
that responds to any deviation of the detection signal
from a flow rate reference signal and provides an oper-
ating current reference signal for controlling the degree
of opening of a servo valve. There is also an apparatus
that includes an automatic leak compensation controller
(Japan examined patent publication No. 59-50407). This
patent discloses that the controller includes a means for
setting the positions of the rolls, a means for sensing the
positions of the rolls as set by the setting means, a inte-
grator circuit that integrates any difference between the
setting position and the output of the sensor means, a
pulse generator, a pulse counter, a digital to analog
(D/A) converter that converts the output of the pulse
counter to a corresponding analog signal, a comparator
that compares the output of the integrator and the out-
put signal of the D/A converter, and a circuit means
that generates an ADD pulse or SUBTRACT pulse in
response to the output of the comparator to be added to
the servo valve control signal.

The apparatus disclosed in the patents mentioned
above are specifically designed for use in large scale
applications, and have complicated mechanisms neces-
sary to meet the requirements for those particular appli-
cations. It may be expected that each apparatus per-
forms well in its own operating environment, but that
the design is not such that it can also be used in medium
or small scale applications. As such, they are not gener-
al-purpose controllers. Particularly, it is difficult for any
apparatus to control the gap between the rolls with high
precision (such as a precision of above 1/1000 mm) and
- easily, by moving a slight amount of hydraulic fluid. No
apparatus that implements this conceptual architecture
has yet been known.

SUMMARY OF THE INVENTION

The present invention solves the problems of the
prior art as described above by providing means for
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controlling the rolling reduction between the rolls in a
rolling mill that includes means for setting the gap be-
tween the rolls, means for measuring the actual gap,
comparator means coupled to the setting means and to
the measuring means for providing the result of the
comparison, means for controlling the flow rates of the
hydraulic fluid coupled to the output of the comparator
means to provide two flows of hydraulic fluid so that
one flow can occur in one direction and the other flow
can occur in the opposite direction, in response to the
output value from the comparator means, and fluid
circuit means connected in parallel with the flow rate
control means for feeding the hydraulic fluid to a hy-
draulic fluid rolling reduction cylinder.

The method according to the present invention In-
cludes setting the gap between the rolls, measuring the
actual gap, comparing the setting gap value and the
actual gap value and determining any deviation of the
setting gap value from the actual gap value, and adjust-
ing the gap in accordance with the output resulting
from the comparison, wherein it further includes feed-
ing the differential hydraulic fiuid that is equal to the
difference between the positive and negative fluid flows
that may be determined from the output of the comparz:-
son. Practically, the differential hydraulic fluid equal to
the difference between the positive and negative fluid
flows may be obtained by causing the two hydraulic
fluid flows to respectively flow toward and away from
the hydraulic rolling reduction cylinder.

A variation of the method according to the present
invention includes setting the gap between the rolls,
measuring the actual gap, determining any deviation of
the setting gap value from the actual gap value as well
as any deviation of the specific thickness of the blank
being rolled from the actual thickness value, and adjust-
ing the gap according to the respective deviations,
wherein it further includes feeding the differential hy-
draulic fluid that is equal to the difference between the
positive and negative fluid flows that may be deter-
mined from those respective deviations. Again, the
differential hydraulic fluid may be obtained by causing
the two hydraulic fluid flows to respectively flow
toward and away from the hydraulic rolling reduction
cyhinder.

In its preferred embodiment, the apparatus according
to the present invention provides the rolling reduction
contro! functions, and includes means for setting the
gap between the rolls, means for measuring the actual

gap, comparing the setting gap value and the actual gap

value and determining any difference between those
two values, and means for controlling two fluid flows to
flow in parallel toward and away from the hydraulic
fluid rolling reduction cylinder so that a single resultant
flow can flow in either of two direction, depending
upon the output of the comparator means. The means
for measuring the actual gap may be implemented by
the magnetically-actuated position detector, and the
means for controlling the fluid flows may be imple-
mented by the flow rate regulator valve.

The magnetically-actuated position detector (Mag-
neto-Scale) that implements the gap measuring means
includes two probes, one of which 1s disposed between
the upper roll’s bearing and the upper stand, and the
other of which is disposed between the upper roll’s
bearing and a position midway up the machine pedestal.

The means for controlling the fluid flows includes
two flow rate regulator valves. For one flow rate regu-
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lator valve, the hydraulic fluid circuit includes a con-
stant flow delivery pump, a variable flow delivery
pump whose inlet side is coupled with the outlet side of
the constant flow delivery pump and whose outlet side
is coupled with the hydraulic rolling reduction cylin-
der, and a flow rate controller connected to the output
of the comparator that provides the difference between
the gap setting value and the actual gap value. For the
other flow rate regulator valve, the hydraulic fluid
circuit includes a first fluid circuit including a constant
revolution motor operably connected with a constant
flow delivery pump and a second fluid circuit including
a variable revolution motor operably connected with a
variable flow delivery pump. The two fluid circuits are
connected in parallel with each other, and the outlet of
the constant flow delivery pump is coupled to the inlet
of the variable flow delivery pump and to the hydraulic
rolling reduction cylinder, and the inlet of the constant
flow delivery pump and the outlet of the variable flow
delivery pump are coupled to the hydraulic fluid supply
source.

It may be appreciated that the present invention al-
lows the two flow rate regulator valves to be used effi-
ciently in terms of their respective capacities. The flow
rates through those regulator valves can be controlled
so that a differential hydraulic fluid (or resultant fluid
flow) that is equal to the difference between the two
flow rates can be provided. Thus, the differential hy-
draulic fluid to be supplied may be small, but its control
can be provided accurately and efficiently.

The regulator valves may be replaced by the vanable
flow delivery pumps or the variable revolution motors
which allow the respective delivery pumps to provide
variable quantities of hydraulic fluid. These choices
may depend upon the particular application require-
ments,

According to the present invention, the gap between
the rolls can be controlled with a precision between
1/1000 mm and 5/1000 mm. In order to maintain the
precision within this value range, it 1s important to con-
sider the elasticity that the rolling stand may exhibit.
The cast steel rolling stand may, for example, contain a
different elastic strain for each of the upper and lower
frames thereof when it is cast, and this difference must
be corrected. If this correction is based on adjusting the
difference in the elastic strain and is included in the
calculation, the process becomes complicated, and in-
volve many steps for implementation. The ability to
adjust the height of points to be measured in correspon-
dence to the difference in the elastic strain between the
upper and lower frames of the rolling stand will provide
an easier means to correct the difference, and can be
practically implemented.

Specifically, measuring the gap between the rolls may
be accomplished by measuring the gap between the
rolling stand and the bearing for the upper roll. The
height of the particular points of the rolling stand to be
measured may be defined by measuring and determin-
ing the difference in the elastic strain that the upper and
lower frames may contain. Theoretically, it can thus be
assumned that the elastic strain for each of the right-side
and left-side rolling stands (which may exhibit its effect)
is essentially identical. For practical purposes, there-
fore, the elastic strain can be viewed as the gap between
the bearings that support the upper and lower rolls
(specifically, the magnitude of the gap between the
rolls), respectively.
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It may be appreciated from the preceding description
that the present invention includes setting the gap be-
tween the rolls, measuring the actual gap, comparing
the two valves to determine the difference between the
values, and actuating the two flow rate regulator valves

in response to the result of the comparison to provide
the differential hydraulic fluid (i.e. the resultant fluid
flow) toward or away from the hydraulic rolling reduc-

tion cylinder by way of their respective hydraulic fluid
circuits connected in parallel. Thus, the quantity of
hydraulic fluid to be supplied can be fine-adjusted accu-
rately and efficiently, and the rolling precision can be
enhanced. :

As adequate differential hydraulic fluid can be pro-
vided by the two flow rate regulator valves, those regu-
lators can be used most efficiently in terms of their
respective capacities.

As it may be appreciated from the foregoing descrip-
tion, the gap between the rolls may initially be specified,
and the initial gap value may be compared with the
actual gap value so that the difference between the two
values can be determined. In response to this difference,
the differential hydraulic fluid (i.e. resultant fluid flow)
can be obtained from the combination of the two flow
rate regulator valves connected in parallel, and can be
delivered to or removed from the hydraulic rolling
reduction cylinder. The quantity of hydraulic fluid to be
delivered can be controlied with high precision, and the
thickness of a blank being rolled can therefore be con-
trolled with high precision. This can proceed in a con-
tinuous manner. The thickness of a blank being rolled
can be controlled with higher precision by including the
measured values for the elastic strains in the rolling
stand frames in the above calculation. In this case, the

precision of the rolling thickness precision of above
3/1000 mm can be achieved.

BRIEF DESCRIPTION OF THE DRAWINGS

Those and other objects, features, and advantages of
the present invention may be understood from the fol-
Jowing detailed description of the preferred embodi-
ments that will be provided by referring to the accom-
panying drawings, in which:

FIG. 1 is a block diagram illustrating a rolling reduc-
tion control system configuration according to one
preferred embodiment of the present invention;

FIG. 2 is a block diagram illustrating a rolling reduc-
tion control system configuration according to another
preferred embodiment;

FIG. 3 is a block diagram illustrating the rolling re-
duction control system configuration including rolls in
a rolling mill;

FIG. 4 is a block diagram illustrating a rolling reduc-
tion control system configuration including rolls in a
rolling mill and a variable delivery pump;

FIG. § is the block diagram illustrating the rolling
reduction control system configuration including rolls
in a rolling mill and a variable-speed motor; and

FIG. 6 is the side elevation illustrating parts of the
rolls in the rolling mill with a magnetically-actuated
position detector installed.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

The following description is provided with reference
to several preferred embodiments of the present inven-
tion.



S
EXAMPLE 1

By referring first to FIG. 1, a process of controlling
the rolling reduction for the hydraulically-operated
rolls in the rolling mill will now be described.

Initially, a gap between the rolls may be specified by
a setter 1. Then, a hydraulic pump 2 is started up. When
it is operational, the hydraulic pump 2 draws the hy-
draulic fluid from a hydraulic fluid supply source 3,
delivering it to a hydraulic rolling reduction cylinder 7
above a bearing 6 supporting the upper roll, as indicated
by arrows 4, 5. A magnetically-actuated position sensor
9 which is secured to a roll stand 8 is sensitive to any
change in the position of the bearing 6 for the upper
roll, and provides output which is connected to the
input of a comparator 10 which is also coupled to the
output of the gap setter 1. The comparator 10 compares
the gap value as specified by the setter 1 and the actual
gap value from the sensor 9, and provides output to a
pulse controller 15. In response to the output from the
comparator 10, the pulse controller 15 provides an out-
put pulse which is applied to each respective stepping
motor 13, 14 for each flow rate control valve 11, 12 for
the hydraulic fluid. Each of the stepping motors 13, 14
provides an indexing motion that corresponds to the
magnitude of the respective input pulse, and actuates
each respective flow rate control valve 11, 12 to open to
such a degree that they can allow the appropriate differ-
ential hydraulic fluid to be supplied to the hydraulic
rolling reduction cylinder. Thus, this can occur accu-
rately. The flow rate control valve 11 allows the hy-
draulic fluid to flow as indicated by arrows 4, 5, while
the flow rate contro! valve 12 allows the hydraulic fluid

to flow as indicated by arrows 16, 17. When it 1s neces--

sary to reduce the existing gap between the rolls and the
corresponding signal is received, the flow rate control
valve 11 is actuated to allow more hydraulic fluid to
flow therethrough than the flow rate control valve 12,
causing the ram 7a for the hydraulic fluid rolling reduc-
tion cylinder 7 to be lowered. Conversely, when it 1s
necessary to increase the existing gap between the rolls
and the corresponding signal is received, the flow rate
control valve 12 is actuated to allow more hydraulic
fluid to flow therethrough than the flow rate control
valve 11 and part of the hydraulic fluid within the roll-
ing reduction cylinder 7 is returned to the hydraulic
fluid supply source 3 as indicated by arrows 16, 17. This
removes the corresponding quantity of hydraulic fluid
from the cylinder 7, causing its ram 7a to be raised.

It may be appreciated from the above description that
the quantity of hydraulic fluid to be supplied to the
hydraulic rolling reduction cylinder 7 may be con-
trolled by enabling the two flow rate control valves 11,
12 to open to a degree necessary meet specific require-
ments. Thus, the two control valves can be used in such
way that their respective capacities can be utilized most
efficiently, and the thickness to which a blank is rolled
can be controlled with higher precision.

EXAMPLE 2

The embodiment shown in FIG. 2 includes a step of
measuring, at a given point in time the thickness of the
blank 23 that has been rolled according to the steps in
the previous embodiment. The process consists of com-
paring the value as specified by the thickness setter 24
and the actual value as measured by the detector 23 (as
implemented by a comparator 26). The output of the
comparator 26 is applied to a further comparator 10.
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The functions of the comparator 10 and other hardware
elements as well as their arrangements have been de-
scribed with reference to the preceding example, and
therefore description thereof will not be provided again
to avoid duplication.

EXAMPLE 3

Referring next to FIG. 3, the rolling mill facility to
which the present invention may be applied will now be
described.

As seen from FIG. 3, the rolling mill facility includes
a rolling stand 8 within which rolls 20, 20a are mounted.
The roll 20 is supported by a bearing 6, and a hydraulic
fluid rolling reduction cylinder 7 is mounted between
the bearing 6 and the rolling stand 8. The rolling stand
8 includes a magnetically-actuated position detector 9a
affixed to on one side thereof. The detector 9a has a
probe 95 which makes contact with a projection 21 on
the bearing 6. Counter-action cylinders 22, 22 are pro-
vided between the bearing 6 and the bearing 19 for the
roll 20a. Those counter-action cylinders 22, 22 provide
an action for maintaining the gap between the rolls
equilibrium under no load conditions.

In operation, a particular gap between the rolls is
initially specified by using the gap setter 1, and the
hydraulic pump 2 is started up. The hydraulic fluid 1s
then delivered from the pump 2 to the flow rate control
valves 11, 12 which control how far the ram 7a should
be projecting. Then, a blank 23 to be rolled is fed be-
tween the rolls. As the blank 23 is being fed, the gap
between the rolls will change. This change 1s detected
by the magnetically-actuated position detector 9. The
output of the detector 9 is applied to the comparator 10
to which the initial setting value is also applied. If 1t 1s
determined that there is any change between the initial
setting and the actual value, the output of the compara-
tor 10 that represents the difference is applied to the
pulse controller 15 which provides the corresponding
pulse signal. This pulse signal is applied to each of the
stepping motors 13, 14 which provides the respective
indexing motion which actuates each respective flow
rate control valve 11, 12 to open to a degree that de-
pends upon the magnitude of the indexing motion of the
respective stepping motors 13, 14. The quantity of hy-
draulic fluid through each respective control valve 11,
12 is determined by the degree of opening. The hydrau-
lic fluid rolling reduction cylinder 7 may be controlled
by changing (increasing or decreasing) the relative
quantities of hydraulic fluid that can be allowed to flow
through the control valves 11, 12 and supplying the
differential hydraulic fluid to the cylinder 7. The gap
between the rolls can be maintained constant at all
times, and a high rolling precision can be provided
accordingly. It is possible that the rolls 20, 20 may
thermally expand thereby making the gap smaller. If
this occurs, the blank 23 being rolled will become thin-
ner. This change in the gap may be detected by the
detector 25 immediately, and can be removed by cor-
recting the initial setting in accordance with the output
from the detector 23.

The precision of the thickness that may depend upon
the thickness of a particular blank to be rolled as well as
the precision of the thickness that may depend upon the
thermal expansion of the rolls or any other factors that
may affect the precision can be controlled so that the
resulting product can have high quality.
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EXAMPLE 4

Referring next to FIG. 4, an embodiment will be
described in which the quantity of hydraulic fluid to be
supplied 1s controlled.

In the embodiment shown in FIG. 4, a rolling stand 8
includes rolls 20, 264. The roll 20 is supported by a
bearing 6. A hydraulic fluid rolling reduction cylinder 7
is provided between the bearing 6 and the rolling stand
8. The hydraulic fluid circuit includes a motor 27, a
constant fluid delivery pump 28 coupled with one end
of the motor shaft, and a variable fluid delivery pump 29
coupled with the opposite end of the motor shaft. The
outlet of the constant fluid delivery pump 28 is con-
nected to an outlet conduit 30, which is coupled with
the inlet conduit 31 from the variable fluid delivery
pump 29. The variable fluid delivery pump 29 also has
a controller 32 which is coupled with the output of a
detector which responds to any change in the gap for
providing output of the actual gap value. The hydraulic
fluid circuit further includes an inlet conduit 33 coupled
with the constant fluid delivery pump 28, an outlet
conduit 34 coupled with the variable fluid delivery
pump 29, and a hydraulic fluid supply source 42.

In operation, the motor 27 drives the two pumps 28
and 29. The constant fluid delivery pump 28 delivers a
hydraulic fluid at a constant rate which flows through
the outlet conduit 30 as indicated by an arrow 35, while
the variable fluid delivery pump 29 accepts a hydraulic
fluid through the inlet conduit 31 as indicated by an
arrow 36. When the quantity of hydraulic fluid going
out of the pump 28 into the outlet conduit 30 and the
quantity of hydraulic fluid entering the pump 29 from
the inlet conduit 31 are equal, the ram 7a in the rolling
reduction cylinder 7 is placed in its current position.
Then, if the actual gap between the rolis 20, 20a is found
to be larger than the initial setting, such 1s detected by
the detector which provides output to be fed to the
controller 32 on the variable fluid delivery pump 29. In
response to the output from the controller 32, the quan-
tity of hydraulic fluid that enters the vanable fluid de-
livery pump 29 decreases. The resulting differential
fluid that is equal to the difference between the output
from the pump 28 and the input to the pump 29 is deliv-
ered to the rolling reduction cylinder 7 which is actu-
ated so that the gap between the rolls 20, 20ag can be
reduced accordingly.

Conversely, if the actual gap is found to be smaller
than the initial setting, the quantity of hydraulic fluid
entering the variable fluid delivery pump 29 should be
controlled to be more than the quantity of hydraulic
fluid leaving the constant fluid delivery pump 28 (which
is also controlled by the controller 32). Then, the quan-
tity of hydraulic fluid that resides in the cylinder 7 may
be decreased by the difference between the input to the
pump 29 and the output from the pump 28. The rolling
reduction may result, increasing the gap between the
rolls accordingly.

As described earlier, the embodiment shown in FIG.
4 also allows the difference between the initial gap set-
ting and the actual gap value to be determined. This
difference may be converted to the control signal which
controls the variable fluid delivery pump 29, thereby
fine-adjusting the gap between rolls.
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EXAMPLE 5

Another embodiment is shown in FIG. 5. The control
of the hydraulic fluid being supplied according to this
embodiment will now be described.

Rolis 20, 20q are mounted within a rolling stand 8.
The roll 20 is supported by a bearing 6. A hydraulic

fluid rolling reduction cylinder 7 is provided between
the bearing 6 and the rolling stand 8. ,

The hydraulic fluid circuit includes a constant revo-
lution motor 37, a constant fluid delivery pump 28
driven by the motor 37, a variable revolution motor 38,
and a variable fluid delivery pump 29 driven by the
motor 38. The hydraulic fluid to be supplied to the
rolling reduction cylinder may be increased or de-
creased as described below.

The outlet of the constant fluid delivery pump 28 1s
connected with an outlet conduit 3¢ which is coupled
with the inlet conduit 31 connected with the inlet of the
variable fluid delivery pump 29, as described in the
example 4.

In operation, if it is found that the actual gap between
the rolls 20, 20a is smaller than the initial setting, the
detector responds to this change and provides output
which is applied to a controller 41. The variable motor
38 may be controlled so that it provides more revolu-
tions, causing the variable fluid delivery pump 29 to
draw more hydraulic fluid. Then, part of the hydraulic
fluid that resides within the rolling reduction cylinder 7
will be removed through the outlet conduit 30 as indi-
cated by an arrow 39. Thus, the force of the cyhnder
upon the roll 20 will be decreased, and the roll 20 is
raised accordingly. Then, the original gap is restored as
required.

Conversely, if it is found that the actual gap between
the rolls 20, 20q is greater than the initial setting, the
original value is applied to the controller 41 which
operates to slow the variable motor 38. In this case, the
quantity of hydraulic fluid drawn by the vanable fluid
delivery pump 29 will be smaller than the quantity of
hydraulic fluid delivered by the constant fluid delivery
pump 28, the differential fluid being delivered to the
rolling reduction cylinder 7 as indicated by an arrow 40.
Then, the roll 20 is lowered, and the original gap is
restored.

It may be understood that the gap between the rolls
20, 20g can be maintained as required by the original
setting, by controlling the variable motor to allow the
variable fluid delivery pump to provide the appropnate
quantity of hydraulic fluid to be supplied to the rolling
reduction cylinder 7.

EXAMPLE 6

Referring next to FIG. 6, there is shown an embodi-
ment that takes into account the presence of any elastic
strain in each of the frames 8a and 85 that make up the
cast steel rolling stand 8.

For the cast steel rolling stand 8, it is usual that the
frames 8a and 8b contain a different elastic strain. This
is because when the casting occurs with the frame 85
located below the frame 8a, the frame 8b will have a
metal structure whose density is greater than the frame
84, and therefore will contain less elastic strain. Accord-
ingly, for the frame 8b, a magnetically-actuated position
sensor 9 may be provided between the bearing for the
roll 20 and the upper portion of the frame 8b 1n such a
manner that the value measured by the sensor 9 includes
any elastic strain along the total length of the frame 8.
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For the frame 8g, on the other hand, a magnetically-

actuated position sensor 9 may be provided between the.

bearing for the roll 20, and a probe 43 provided on the
rolling stand 8 and extending up to the middle of the
height of the rolling stand (as shown in FIG. 6). The
measurement with respect to the frame 8g is conducted
by the sensor 9 between the top of the probe 43 and the
upper portion of the rolling stand 8 (where it abuts
against the rolling reduction cylinder). Thus, the value
measured by the sensor 9 includes any elastic strain
along the length of frame 8z between the point at the
top of the probe 43 and the upper portion of the rolling
stand 8. In this way, for the frame 8b, any elastic strain
‘along the total length is included in the value measured
by the sensor 9, and for the frame 8a, any elastic strain
from the point of the top of the probe 43 to the upper
portion of the rolling stand 8 (where it abuts against the
rolling reduction cylinder) is included in the measured
by the sensor 9 value. The amount of elastic strain for a
given length is constant, and it is therefore possible to
assume that the amounts of elastic strain at the particu-
lar points to be measured for the frames 8¢ and 8b are
equal, by determining the elastic strain properties for
both frames 8z and 85 previously and setting the sensors

9, 9 at heights on the frames 8a and 86 which reflect the
difference in the elastic strain between the frames 8a

and 8b. In the figure, reference numeral 44 designates a
micro-adjusting screw.

The micro-adjusting screw 44 allows the operator to
fine-adjust the thickness of a blank across its width (1.e,,
in the direction perpendicular to the traveling path) by
monitoring the travel of the blank being rolled and by
checking to see the light beams reflected from the
blank. The micro-adjusting screw advances or retracts
by 1/100 mm for one complete turn. The gap between
the rolls, which is an input to the controller, may be
adjusted by depressing the appropriate button on the
keyboard. Each depression of the button adjusts the gap
by one micron. For some types of blanks being rolled,
using the micro-adjusting screw (analog operation) i1s
better than using the button (digital operation). The
micro-adjusting screw may be used for those blanks
which have a wide elastic deformation range (such as a
stainless blank), but the choice may depend upon the
sensibility of the operator.

Although the present invention has been described in
full detail by referring to the several particular pre-
ferred embodiments thereof, it should be understood
that various changes and modifications may be made
without departing from the spirit and scope of the in-
vention as defined in the appended claims.

What is claimed is:

1. A control apparatus for controlling a gap between

opposing rolls of a rolling mill, comprising:

a hydraulic cylinder means operably coupled to at
least one of the opposing rolls of the rolling mil! for
adjustably maintaining the gap between the oppos-
ing rolls;

a hydraulic fluid supply;

a first fluid control means for causing hydraulic fluid
to flow from said hydraulic fluid supply in a first
flow path toward said hydraulic cylinder means;

“a second fluid control means for causing hydraulic
fluid to flow to said hydraulic fluid supply in a
second flow path away from said hydraulic cylin-
der means; and

means for combining the fluid flow in said first flow
path with the fluid flow in said second flow path to
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obtain a resultant fluid flow, and for applying said
resultant fluid flow to said hydraulic cyhinder
means such that hydraulic fluid is supplied to said
hydraulic cylinder means when the fluid flow in
said first flow path is greater than the fluid flow in
said second flow path and such that hydraulic fluid
is removed from said hydraulic cylinder means
when the fluid flow in said second flow path 1s
greater than the fluid flow in said first flow path.

2. A control apparatus as recited in claim 1, wherein

said first fluid control means comprises a hydraulic
pump and a first flow rate regulator valve fluidi-
cally connected in series in said first flow path;

said second fluid control means comprises a second
flow rate regulator valve fluidically connected in
said second flow path; and

said second flow rate regulator valve is fluidically
connected in parallel with said first flow rate regu-
lator valve. |

3. A control apparatus as recited in claim 1, wherein

said first fluid control means comprises a first fluid
delivery pump fluidically connected in said first
flow path;

said second fluid control means comprises a second

fluid delivery pump fluidically connected in said
second flow path;

said first fluid delivery pump is fluidically connected
in parallel with said second fluid delivery pump;
and
one of said first and second fluid delivery pumps 1s a
constant delivery rate pump, and the other of said
first and second fluid delivery pumps is a variable
delivery rate pump.
4. A control apparatus as recited in claim 3, further
comprising
a motor; and
wherein both of said first and second fluid dehivery
pumps are drivingly connected to said motor.
5. A control apparatus as recited in claim 3, further
comprising
a constant speed motor drivingly connected to said
constant delivery rate pump; and
a variable speed motor drivingly connected to said
variable delivery rate pump.
6. A control apparatus as recited in claim 1, wherein
said first fluid control means comprises a first fluid
delivery pump fluidically connected in said first
flow path; |
said second fluid control means comprises a second
fluid delivery pump fluidically connected in said
second flow path;
said first fluid delivery pump is fluidically connected
in parallel with said second fluid delivery pump;
and
said first fluid delivery pump is a constant delivery
rate pump, and said second fluid delivery pumpisa
variable delivery rate pump.
7. A control apparatus as recited in claim 1, further
comprising
gap measuring means for measuring the gap between
the opposing rolls;
comparing means for comparing the gap as measured
by said gap measuring means with a predetermined
target gap; and
wherein said first and second fluid control means are
operable to regulate the fluid flow in said first and
second flow paths, respectively, in dependence on
an output from said comparing means.
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8. A control apparatus as recited in claim 7, further
comprising

thickness detecting means for detecting a thickness of
a rolled blank output from between the opposing
rolls of the rolling mill;

thickness comparing means for comparing the thick-
ness detected by said thickness detecting means
with a predetermined target thickness; and

wherein said first and second fluid control means are
further operable to regulate the fluid flow in said
first and second flow paths, respectively, in depen-
dence on an output from said thickness comparing
means.

9. A method for controlling a gap between opposing

rolls of a rolling mill, compnsing:

operably coupling a hydraulic cylinder to at least one
of the opposing rolls of the rolling mill for adjust-
ably maintaining the gap between the opposing
rolls;

providing a hydraulic fluid supply;

causing hydraulic fluid to flow from said hydraulic
fluid supply in a first flow path toward said hydrau-
lic cyhinder; |

causing hydraulic fluid to flow to said hydraulic flmid
supply in a second flow path away from said hy-
draulic cylinder; and

combining the fluid flow in said first flow path with
the fluid flow in said second flow path to obtain a
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resultant fluid flow, and applying said resultant -

fluid flow to said hydraulic cylinder such that hy-
draulic fluid is supplied to said hydraulic cylinder
when the fluid flow in said first flow path 1s greater
than the fluid flow in said second flow path and
such that hydraulic fluid is removed from said
hydraulic cylinder when the fluid flow 1n said sec-
ond flow path is greater than the fluid flow in said
first flow path.

10. A method as recited in claim 9, wherein

causing hydraulic fluid to flow from said hydraulic
fluid supply in said first flow path toward said
hydraulic cylinder comprises providing a hydrau-
lic pump and a first flow rate regulator valve fluidi-
cally connected in series in said first flow path; and

causing hydraulic fluid to flow to said hydraulic fluid
supply in said second flow path away from said
hydraulic cylinder comprises providing a second
flow rate regulator valve fluidically connected in
said second flow path, such that said second flow
rate regulator valve is fluidically connected 1n par-
allel with said first flow rate regulator valve.

11. A method as recited in claim 9, wherein

causing hydraulic fluid to flow from said hydraulic
fluid supply in said first flow path toward said
hydraulic cylinder comprises providing a first fluid
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delivery pump fluidically connected in said flow
path;
causing hydraulic fluid to flow to said hydraulic fluid
supply in said second flow path away from said
hydraulic cylinder comprises providing a second
fluid delivery pump fluidically connected in said
second flow path, such that said first fluid delivery
pump is fluidically connected in parallel with said
second fluid delivery pump; and
one of said first and second fluid delivery pumps is a
constant delivery rate pump, and the other of said
first and second fluid delivery pumps is a vanable
delivery rate pump.
12. A method as recited in claim 11, further compris-
Ing
providing a motor; and
drivingly connecting both of said first and second
fluid delivery pumps to said motor.
13. A method as recited in claim 11, further compris-
Ing |
drivingly connecting a constant speed motor to said
constant delivery rate pump; and
drivingly connecting a variable speed motor to said
variable delivery rate pump.
14. A method as recited in claim 9, wherein
causing hydraulic fluid to flow from said hydraulic
fluid supply in said first flow path toward said
hydraulic cylinder comprises providing a first fluid
delivery pump fluidically connected in said first
flow path;
causing hydraulic fluid to flow to said hydraulic fluid
supply in said second flow path away from said
hydraulic cylinder comprises providing a second
fluid delivery pump fluidically connected in said
second flow path, such that said first fluid delivery
pump is fluidically connected in parallel with said
second fluid delivery pump; and
said first fluid delivery pump is a constant delivery
rate pump, and said second fluid delivery pump 1s a
variable delivery rate pump.
15. A method as recited in claim 9, further comprising
measuring the gap between the opposing rolls;
comparing the gap as measured with a predetermined
target gap to obtain a gap comparison; and
regulating the fluid flow in said first and second flow
paths in dependence on said gap comparison.
16. A method as recited in claim 15, further compris-
Ing
detecting a thickness of a rolled blank output from
between the opposing rolls of the rolling mill;
comparing the thickness detected with a predeter-
mined target thickness to obtain a thickness com-
parison; and
further regulating the fluid flow in said first and sec-
ond flow paths in dependence on said thickness

comparison.
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